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SECTION 1.
INTRODUCTION

1.1 PURPOSE.

Thiswelding manual is intended to be used with maintenance,
repair and overhaul manuals. This is a general series manual
and is intended to be used in conjunction with specific mainte-
nance/repair/overhaul manuals or engineering documents for
aircraft, aircraft components and support equipment.

1.2 SCOPE.

This technical manual is published for use by personnel, at
both Intermediate Level and Depot Level for welding and oth-
er metal joining operations in the manufacture and mainte-
nance of material.

e. All Intermediate and Depot level aircraft and support
equipmentwelding shall be in accordance with data contained
in this manual unless otherwise specified. When specific en-
gineering drawings or overhaul instructions conflict with this
manual the specific document shall apply.

f.  Theresponsibility for this manual lies with NAVAVN-
DEPOT North Island, Code 43400. All activities using it are
invited to submit recommended changes, corrections or dele-
tions in accordance with procedures set forth by OPNA-
VINST 4790.2 series. T.O. 00-5-1 and Army Regulations
25-30.

1.3  DESCRIPTION, BACKGROUND INFORMATION.

a. This manual contains information as outlined below:

(1) Basic welding processes

(2) Characteristics, identification and heat treatment
of various metals.

NOTE

Please refer to T.M. 43-0106/T.O.
1-1A-9/NA 01-1A-9 for further information.

(3) Classification of steels

(4) Welding/brazing and cutting processes
(5) Safety precautions

(6) Certifications of welders

(7) Welding symbols

b. Appendix A contains a list of welding symbols and
codes.

c. Appendix B contains a list of specific base metals for
base metal groups.

1.4  WARNINGS AND CAUTIONS APPLICABLE TO
HAZARDOUS MATERIALS.

Warnings and cautions for hazardous materials listed in here
are designed to apprise personnel of hazards associated with
such itemswhen they come in contact with them by actual use.
Additional information related to hazardous materials is pro-
vided in each service’s program manual and the DOD 6050.5
Hazardous Materials Information System (HMIS) series pub-
lications. Consult your local safety and health staff concern-
ing specific personnel protective requirements and
appropriate handling and emergency procedures.

15 WELDING THEORY.

151 General.

a. Welding is any metal joining process wherein coales-
cence is produced by heating the metal to suitable tempera-
tures, with or without the application of pressure and with or
without the use of filler metals. Basic welding and torch braz-
ing processes are described and illustrated in this manual.

1.5.2  Theory.
a. Metals.

(1) Metals are divided into two classes, ferrous and
nonferrous. Ferrous metals are those in the iron class and are
magnetic in nature. These metals consist of iron, steel and al-
loys related to them. Nonferrous metals are metals that con-

1-1



NAVAIR 01-1A-34
T.0. 00-25-252
T.C. 9-238

tain either none or very small amounts of ferrous metals and
are generally divided into the aluminum, copper, magnesium,
lead and similar groups.

(2) Welding processes for these metals are varied and
information contained in this manual covers theory and ap-
plication of welding for many types of metals.

1-2
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SECTION 1.
SAFETY

2.1 SAFETY PRECAUTIONS IN WELDING OPERA-
TIONS.

WARNING

To prevent injury or death, each service’s
safety and health program must be followed.
Section Il contains generalized information
extracted from safety and health related docu-
ments. Personnel shall follow their service
safety and health program (OPNAVINST
5100.23, AFOSH, USACOE 385-1, and na-
tional consensus standards).

2.2 SAFETY SUMMARY.

The following are general safety precautions that are not re-
lated to any specific procedures and therefore do not appear
elsewhere in this publication. These are recommended pre-
cautions that personnel must understand and apply during all
phases of operation and maintenance.

2.2.1  Hazardous Materials. Use all cleaning solvents,
fuels, oils, adhesives and epoxies, and catalysts in a well ven-
tilated area. Avoid frequent and prolonged inhalation of
fumes. Concentrations of fumes of many cleaners, adhesives
and esters are toxic and will cause serious deterioration of the
body nervous systems and possible death if breathed fre-
quently. Avoid frequent or prolonged exposure to the skin.
Wash thoroughly with soap and warm water as soon as pos-
sible after completing use of such materials. Take special
precautions to prevent material from entering the eyes. If ex-
posed, rinse the eyes in an eye bath fountain immediately and
report to a physician.

2.2.1.1  Thorium. Thorium is a naturally occuring radio-
nuclide contained in various manufactured items such as in-
candesent gas mantles, welding rods, lenses and aircraft
parts. Manufactured items exempted in 10CFR 40.13 or au-
thorized by general license in 10 CFR 40.22 do not require a
NRMP. Grinding of thoriated electrodes can produce surface
contamination.

2.2.1.1.1  Thoriated Tungsten Welding Electrodes.

REQUIREMENTS:

a. Isolate grinding areas by providing a separate grind-
ing booth or room.

b. Provide exhaust ventilation for the grinding booth or
room.

c. Clean the grinding area after each shift, when used,
by vacuum cleaning or wiping.

d. Dispose of grinding dust, chips and cleaning rags as
normal waste materials as it is generated.

e. Use wet belt grinding machines to contain dust.

f.  Ensure adequate ventilation by welding in large open
areas whenever possible.

g. Inenclosed or restricted areas, provide dust respira-
tors (3M Model 9940 or equivalent) for workers or provide
adequate ventilation by hood or portable duct. Hoods, enclo-
suresand portable ducts shall be designed and operated to the
requirements of the latest edition of “Industrial Ventilation”,
American Conference of Governmental Industrial Hygie-
nists. The face velocity for portable ducts shall be at least
1,500 feet per minute.

2.2.2  Flammables. Keep all cleaning solvents, oils, esters
and adhesives away from open flame space heaters, exposed
element electric heaters, sparks or flame. Do not smoke
when using; or in the vicinity of flammable materials, or in
areas where flammables are stored. Provide adequate ven-
tilation to disperse concentrations of potentially explosive
fumes or vapors. Provide approved containers for bulk stor-
age of flammable materials and dispensers in the working
areas. Keep all containers tightly closed when not in use.

2.2.3  Compressed Air. Air pressure used in work areas
for cleaning or drying operations, shall be regulated to 29 psi
or less. Use approved safety equipment (goggles/face shield)
to prevent injury to the eyes. Do not direct the jet of com-
pressed air at self or other personnel or so that refuse is blown
onto adjacent work stations. If additional air pressure is re-
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quired to dislodge foreign materials from parts, ensure that
approved safety equipment is worn, and move to an isolated
area. Be sure that the increased air pressure is not detrimental
or damaging to the parts before applying high pressure jets of
air.

2.2.4  Heat and Cold. Use thermally or similar insulated
gloves when handling either heated or chilled parts to pre-
vent burns or freezing of hands. Parts chilled to super-cold
(-40-F to -65-F) temperatures can cause instant freezing of
hands if handled without protective gloves. Adequate pre-
cautions should be taken to prevent maintenance personnel
from inadvertently coming in contact with the hot surfaces.

2.25  Aeronautical and Support Equipment (SE). Im-
properly maintained support equipment can be dangerous to
personnel and can damage parts. Observe recommended in-
spections to avoid unanticipated failures. Use SE only for the
purpose for which it was designed, and avoid abuse. Be
constantly alert for damaged equipment and initiate ap-
propriate action for approved repair immediately. When
installing lift/support fixtures and rail set use only the attach-
ment hardware items (nuts, bolts, screws, pins, etc.) supplied
for specific use with the SE. Substitute items shall not be
used.

2.2.6  Maintenance Procedures. Wear safety glasses or
other appropriate eye protection at all times. Do not allow
safety wire or wire clippings to fly from cutter when remov-
ing or installing wire. Do not use fingers as guides when
installing parts or to check alignment of holes. Use only cor-
rect tools and fixtures, and use as recommended. Avoid
shortcuts, such as using fewer than recommended attaching
bolts, shorter bolts, or bolts of incorrect quality. Heed all
warnings in the manual text to avoid injury to personnel or
damage to equipment.

2.2.7  General Safety Precautions.

2-2

NOTE

Authority to weld on a particular aircraft, air-
craft part or any support equipment must be
obtained before any welding/brazing opera-
tion can be attempted. Authorization can be
found in applicable maintenance manuals and
directives.

a. Care should be taken in handling any type of welding
equipment to prevent personnel injury from fire, explosions,
or harmful agents. Safety precautions listed below must be
strictly observed by workers who weld or cut metals.

b. Do not permit unauthorized persons to use welding or
cutting equipment.

c. Do notweld in abuilding with wooden floors, unless
the floors are protected from hot metal by means of sand, or
other fireproof material. Be sure that hot sparks or hot metal
will not fall on the legs and feet of the operator or on any
welding equipment components.

d. Remove all flammable material such as cotton, oil,
gasoline, etc., from the vicinity of welding.

e. Before welding or cutting, warn those in close prox-
imity who are not protected by proper clothing or goggles.

f. Remove assembled parts that may become warped or
otherwise damaged by the welding process.

g. Do not leave hot rejected electrode stubs, steel scrap,
or tools on the floor about the welding equipment. These
may cause accidents.

h. Keep a suitable fire extinguisher conveniently lo-
cated at all times.

i.  Mark all hot metal after welding operations are com-
pleted. Soapstone or chalk may be used for this purpose.

j- Contact lenses shall not be worn during welding/hot
work operations. No contact lenses shall be worn while using
a respirator.

k. Nomatches, cigarette lighters, or other flame produc-
ing devices, shall be carried on your person during welding/
hot work operations.

2.2.8  Protective Clothing and Equipment. Protective
clothing and equipment must be worn during welding opera-
tions. During all oxyacetylene welding and cutting processes




operators shall use welding goggles or glasses (with side
shields) (figure 2-2) equipped with a suitable filter lens to
protect the eyes from intense light levels, heat, glare, and fly-
ing fragments of hot metal (table 2-1). The Shielded Metal
Arc Welding (SMAW) and Flux Cored Arc Welding
(FCAW) processes require the chipping of slag after the weld
has been deposited. Operators shall use a welding hood for
chipping slag. All other electric welding processes require
welding hoods equipped with a suitable filer glass to protect
against the intense ultraviolet and infrared rays (figure 2-1).
When others are in the vicinity of the electric welding pro-
cess the area must be screened so that the arc cannot be seen
either directly or by reflection from glass or metal.

2.2.8.1 Helmets and Shields.

a. Welding arcs are intensely brilliant lights. They con-
tain a proportion of ultraviolet light which may produce eye
damage. For this reason, no one should look at the arc with
the naked eye within a distance of 50 feet. The brilliance and
danger of the light depends on the welding method, current,
and material being welded. Operators, fitters, and others
working nearby need protection against arc radiation. Since
arc radiation decreases rapidly in intensity with distance, the
closest workers need the most protection.

b. The welder needs a helmet to protect the eyes and
face from harmful light and particles of hot metal. The weld-
ing helmet (figure 2-1) is generally constructed of a pressed
fiber insulating material. It has an adjustable headband that
makes it usable by persons with different head sizes. The
helmet is dull black in color to minimize reelection and glare
produced by the intense light. The helmet fits over the head
and can be swung upward when not welding. The chief ad-
vantage of the helmet is that it leaves both hands free, mak-
ing it possible to hold the arc and weld at the same time.

c. The hand shield (figure 2-1) provides the same
protection as the helmet except that it is held in position by
the handle. This type of shield is frequently used by an ob-
server or a person who welds for a short period of time.
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NOTE

The colored glass must be manufactured in
accordance with specifications detailed in the
”National Safety Code for the Protection of
Hands and Eyes of Industrial Workers”, is-
sued by the National Bureau of Standards,
Washington DC, OSHA Standard, 29CFR
1910.252 Welding, Cutting and Brazing,
American National Standards Institute Stan-
dard (ANSI) z87.1 1979, ”American National
Standard Practice for Occupational and Edu-
cational Eye and Face Protection”.

d. The protective welding helmet has a glass window,
containing a filter lens specifically designed to prevent flash
burns and possible eye damage through absorption of the in-
frared and ultraviolet rays produced by the arc. Lenses come
in various optical densities with different shades to be used
when welding various metals with different methods (table
2-1). The color of the lenses, usually green, blue, or brown,
is an added protection against the intensi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>